n-3 long-chain fatty acids and regulation of glucose transport in two models of rat brain endothelial cells.
Several in vivo studies suggest that docosahexaenoic acid (22:6 n-3), the main n-3 long-chain polyunsaturated fatty acids (LC-PUFA) of brain membranes, could be an important regulator of brain energy metabolism by affecting glucose utilization and the density of the two isoforms of the glucose transporter-1 (GLUT1) (endothelial and astrocytic). This study was conducted to test the hypothesis that 22:6 n-3 in membranes may modulate glucose metabolism in brain endothelial cells. It compared the impact of 22:6 n-3 and the other two main LC-PUFA, arachidonic acid (20:4 n-6) and eicosapentaenoic acid (20:5 n-3), on fatty acid composition of membrane phospholipids, glucose uptake and expression of 55-kDa GLUT1 isoform in two models of rat brain endothelial cells (RBEC), in primary culture and in the immortalized rat brain endothelial cell line RBE4. Without PUFA supplementation, both types of cerebral endothelial cells were depleted in 22:6 n-3, RBE4 being also particularly low in 20:4 n-6. After exposure to supplemental 20:4 n-6, 20:5 n-3 or 22:6 n-3 (15microM, i.e. a physiological dose), RBEC and RBE4 avidly incorporated these PUFA into their membrane phospholipids thereby resembling physiological conditions, i.e. the PUFA content of rat cerebral microvessels. However, RBE4 were unable to incorporate physiological level of 20:4 n-6. Basal glucose transport in RBEC (rate of [(3)H]-3-o-methylglucose uptake) was increased after 20:5 n-3 or 22:6 n-3 supplementation by 50% and 35%, respectively, whereas it was unchanged with 20:4 n-6. This increase of glucose transport was associated with an increased GLUT1 protein, while GLUT1 mRNA was not affected. The different PUFA did not impact on glucose uptake in RBE4. Due to alterations in n-6 PUFA metabolism and weak expression of GLUT1, RBE4 seems to be less adequate than RBEC to study PUFA metabolism and glucose transport in brain endothelial cells. Physiological doses of n-3 LC-PUFA have a direct and positive effect on glucose transport and GLUT1 density in RBEC that could partly explain decreased brain glucose utilization in n-3 PUFA-deprived rats.